Abstract: This study aims to investigate the hepatoprotective activity of Ganoderma lucidium mushroom growing on the dead ironwood tree in the Central Highlands of Vietnam. The total extract was orally administrated to experimental mice with hepatotoxicity induced by cyclophosphamide at the dose of 150 mg/kg (intraperitoneal injection). The liver malondialdehyde (MDA) content and the level of endogenous antioxidant glutathione (GSH) were measured. The results revealed that the total extract at the oral doses of 330, 230, and 120 mg/kg body weight which were equivalent to 5, 10, and 15 g/kg of dry material alleviated the increase of heaptic MDA content and restored the decrease of GSH level significantly which almost have the same potent as reference drug (silymarin). Biochemical observations were also supported with histopathological examination of liver. This finding demonstrated that G. lucidium in Vietnam could represent a promising approach for effective liver protective agents.
Introduction
Asian countries have a long convention of handling mushrooms as medicine, whereas in Western this has been used since last decade (Lindequist, Niedermeyer, & Julich, 2005) . Mushrooms have been known to be a potential source of antioxidants as well as hepatoprotective agents and capable of strong inhibition of lipid peroxidation (Acharya, Chatterjee, & Ghosh, 2011; Acharya, Yonzone, Rai, & Acharya, 2005; Pal, Ganguly, Tahsin, & Acharya, 2000) . Ganoderma lucidium (reishi mushroom, Ling Zhi) has been an economically crucial species, particularly in the Far East countries. It is broadly ABOUT THE AUTHORS Our research group is interested in exploring the bioactive and novel compounds from Vietnamese medicinal materials. Recent interest studies have concerned about hepatoprotective activity of some valuable mushrooms in Vietnam including Tramates versicolor, and Ganoderma colossum collected in nature. This study had focused on Lim Xanh (Ganoderma lucidium) as a potential source for elucidating the target hepatoprotective agents.
PUBLIC INTEREST STATEMENT
Medicinal mushrooms have a long history of ultilization in traditional therapy; and fungal metabolite are increasingly operated not to be considered as food, some of them could have biological properties including antioxidant, antitumor, and hepatoprotective activity. In Vietnam, Ganoderma lucidium has been found growing on the dead ironwood tree in the Central of Highlands. It is boardly presented to a commercial scale or harvested in nature and commonly purchased for its medicinal values. This study has provided the scientific evidence to validate the usage of this mushroom in folk medicine as the treatment of liver disorders and the prevention of hepatic injury.
grown on a commercial scale or harvested in nature and commonly purchased for its medicinal and spiritual properties. In a broad review about the hepatoprotective property of G. lucidium, Gao et al. (2003) collected evidence to suggest possible molecular mechanisms to explain its hepatoprotective action.
This annual mushroom grows on a great variety of dead or dying tree, e.g. deciduous trees, especially oak, maple, elm, willow, sweet gum, magnolia, and locust. G. lucidium grows originally on plum trees and found on stumps near the soil surface (Wasser, 2005) . It had been found growing in the dead ironwood tree in the Central of Highlands of Vietnam. Due to the growth of this mushroom in the green ironwood tree, it was a so-called "Green Ironwood mushroom." Local people harvested the fruiting body of G. lucidium and then dried under shade. It has been often sold to patients suffering cancer or even disorders such as cirrhosis. G. lucidium is also believed that the regular consumption of this mushroom may preserve human vitality and to promote the longevity. In general, the mushroom has been traditionally used for the prevention or treatment of numerous diseases related to liver although whether it was effective or not is presumably unknown. The aim of this study is to validate the use of this mushroom in folk medicine by evaluating the hepatoprotective activity of G. lucidium which grows on the dead ironwood tree against the cyclophosphamide (CP)-induced liver toxicity. The lipid peroxidation and antioxidant parameters MDA and GSH were observed in liver homogenates and histopathological examination of liver sections was conducted to confirm the activity. The potent hepatoprotective effect of natural material exhibit an appealing advance for liver protective agents, especially at the moment there is an urgent need concerning on new innovative drugs.
Materials and methods

Materials
The fruiting body of G. lucidium was harvested from Central Highlands of Vietnam in August 2014. 
Chemicals
Methanol, KCl, EDTA-phosphate, and thiobarnituric acid were purchased from Chemsol Co., Ltd. (Viet Nam). CP, malondialdehyde, glutathione, ellman or 5,5′-dithiobis-(2-nitrobenzoic acid), and silymarin were supplied from Sigma Co., Ltd. (USA).
Animals
Adult (5-6 weeks) Swiss albino male mice (23 ± 2 g) were obtained from Pasteur Institute of Ho Chi Minh city and kept in animals' house of the university animal facility. All mice were acclimated for a week prior to commencement of experiments. They were provided standard pellet diet, water ad libitum and maintained a controlled 12 light-dark cycles at room temperature. All the ethical protocols and guideline for experimental animal handling and treatment were strictly followed the guidelines enunciated in the "Guideline for the Treatment of Animals in Behavioral Research and Teaching" and complied with ethical measures for animal research.
Preparation of mushroom extract
The fruiting body of G. lucidium was first rinsed thoroughly with tap water, and subjected to dry heat treatment before grinding it into powdery form using an electric grinder. The extraction was done by cold maceration of 2 kg in 96% of ethanol and kept aside for 3 days with frequent agitation. The filtrate obtained was concentrated using rotary evaporator. The residue subsequently referred to as the extract, was stored in a refrigerator until required for further use.
Cyclophosphamide-induced hepatotoxicity and treatment
The animal treatment was designed to study the hepatoprotective effect detailed in Table 1 After 8-day experimental period, the animals were sacrificed and liver tissues were immediately excised and rinsed in ice-cold saline then homogenized for the subsequent assays
Assessment of liver function
Livers were resected and then homogenized in KCl (1, 15%) in 1 min at 13,000 rpm. 2 mL of tissue homogenized was added to 1 mL of Tris (pH 7.4). The mixture was incubated at 37°C for 60 min, then stopped the reaction by 1 mL of 10% trichloroacetic acid. The next step was the centrifugation of the mixture at 5°C with 10,000 rpm/min for 10 min.
Estimation of malondialdehyde (MDA) level
Two milliliters of supernatant reacted with 1 mL of 0.8% thiobarbituric acid (TBA) at 100°C for 15 min and the absorbent were measured at λ = 532 nm. 2-Thiobarbituric acid reactive substance (TBARS) assay values are usually reported in MDA equivalents, a compound that results from the decomposition of polyunsaturated fatty acid lipid peroxide. The amount of MDA formed was quantified by reaction with TBA. It was formed according to the methods of Stroev and Makarova (1989) and Abraham and Sugumar (2008) with few modifications (Ngo & Nguyen, 2011; Nonanka et al., 2005) .
Estimation of glutathione (GSH) level
About 1 mL of supernatant reacted with 0, 2 mL of Ellman 5,5′-dithiobis (2-nitrobenzoic acid) and 0, 8 mL of phosphate-EDTA. After 3 min, the absorbent was determined at λ = 412 nm. The method is based on the reduction of 5,5′-dithiobis (2-nitrobenzoic acid) (DTNB) with reduced GSH to produce a yellow compound. The reduced chromogen is directly proportional to GSH concentration and its absorbance can be measured at 412 nm. Noeman, Hamooda, and Baalash (2011) with some modifications (Ngo & Nguyen, 2011) .
Histopathological examination
The livers were excised and soaked by optimal cutting temperature O.C.T compound. The samples were then freezed and fit into Tissue-Tek Cryo 3 (Sakura, USA). They were cut into slides by MX35 Premier and Microtome Blade (Thermo Scientific, Japan) before being melt by block heater (Stuart, United Kingdom). Slides were preserved in 4% paraformaldehyde, stained with hematoxylin and eosin. The samples were then observed under Leica microscope for histopathological study. 
Statistical analysis
All data were presented as the mean ± Standard Error of Mean (SEM). Mean values were assessed for significance by Student's t-test at p < 0.05. One-way ANOVA and Dunnett's method were used for multiple comparisions of data. Statistical analysis was processed using the SigmaStat, version 3.5. Correlation between variables was evaluated using Pearson's correlation coefficient with level of significance p < 0.05.
Results
Liver parameters
The hepatoprotective effects of G. lucidium on CP-induced hepatic injury and normal mice are shown in Table 2 .
As can be seen in Table 2 , the MDA content in hepatic tissues of CP (+) mice in negative control group was found to be significantly (p < 0.05) increased (110.91 ± 4.46 nM/g protein) as compared with CP (−) normal control (58.82 ± 4.06 nM/g protein), reflecting the hepatic damage induced by CP. The MDA level in hepatic tissues in mice of CP (+) and G. lucidium co-treated group at the dose of 330, 230, and 120 mg/kg b.wt were figured out almost the same (61.17 ± 7.71, 59.46 ± 5.22, 61.52 ± 5.31 nM/g protein, respectively) and showed a statistically significant decrease of MDA content as compared with the CP (+) negative control, (p < 0.05). Meanwhile, silymarin served as positive control also produced a decrease of MDA in liver tissue significantly (63.54 ± 5.09 nM/g protein).
As can be observed from Table 3 , GSH level in liver of total extract treatment were significantly recorded high (p < 0.05) with respect to CP (−) normal group, proving the effect of G. lucidium extract in enhancing the GSH content. However, GSH after a single dose of CP 150 mg/kg b.wt decreased significantly (p < 0.05) when compared with CP (−) mice normal control group. Statistically, 50% depletion of hepatic GSH in CP-induced mice was observed. Table 3 also showed a significant increase of GSH level in the mice with CY (+) and G. lucidium total extract co-treated group after 8-day treatment. However, mice treated with the dose of 230 mg/ kg b.wt made the highest GSH level in liver (7,063.59 ± 402.09 nM/g protein) among the tested samples, followed by the dose of 120 mg/kg b.wt (6,114.42 ± 443.58 nM/g protein), and 330 mg/kg b.wt (5,803.09 ± 416.35 nM/g protein). Meanwhile, silymarin at the dose of 100 mg/kg b.wt used as a reference drug also produced a significant increase of GSH (5,935.06 ± 354.05 (nM/g protein). 
Data in
Histopathological examiation
Histopathological observations of normal mice group showed normal hepatocyte with polygonal shape and no lobular inflammation. The central vein did not contain lymphocytes and none of necrosis of liver cells (Figure 1 ). Liver sections of CP (150 mg/kg b.wt) treated group expressed the portal tracts with moderate to marked inflammation. Hepatocellular necrosis appeared lobular inflammation with lyphocytic infiltration. Liver of mice in this group showed a severe active hepatitis (Figure 2 (a) and (b)). Meanwhile, liver of mice from CP and G. lucidium total extract co-treated group (120 mg/kg b.wt) showed a mild active hepatitis. Portal space presented slight to moderate inflammation, no necrotic liver cells and small focal lobular inflammation (Figure 3(a) and (b) ). Liver sections of silymarin treatment group were manifested in Figure 4 . The central vein contained an adhesion of the lymphocytes on the endothelial cell, moderate portal, and lobular inflammation. No necrotic liver cell occurred, the liver were exposed to be a moderate active hepatitis.
Discussion
CP is one of the commonly used anticancer drugs for its therapeutic efficacy against various cancers. Earlier studies have proved that ameliorative dose of CP could cause liver toxicity (Mahsa & Shivanandappa, 2013) . CP goes through a metabolic activation by hepatic microsomal cytochrome P450 mixed functional oxidase system to produce the two metabolites, phosphoramide mustard and acrolein. Phosphoramide mustard is believed to have an antineoplastic activity, while acrolein highly reactive metabolite with a short biological half-life, may be responsible for CP-induced liver injury (Ludeman, 1999; Selvakumar, Prahalathan, Mythili, & Varalakshmi, 2005) . Experimental evidence recommends that oxidative stress is answerable for CP hepatotoxicity. It could generate reactive oxygen species (ROS) like superoxide anion, hydroxyl radical, and hydrogen peroxide (H 2 O 2 ) during its oxidative metabolism and discourages the antioxidant defense mechanism in liver (Bhattacharya et al., 2003) . A number of studies have shown that natural products with antioxidant activity protect against CP hepatotoxicity (Haque et al., 2003; Kumar & Kuttan, 2005; Sharma, Trikha, Athar, & Raisuddin, 2000) .
G. lucidium has been of research interest because it is commonly use as traditional folk medicine to treat liver disorders. There have been various studies on the efficacy of hepatoprotective property including in vitro and animal assays using the extracts with varying solvents. A queous and alcoholic extracts of G. lucidium utilized the protective action against acute hepatitis. These achievements were attributed to the inhibitory activities of the G. lucidium extract on the membrane lipid peroxidation and the formation of free radical (Lakshmi, Ajith, Jose, & Janardhanan, 2006; Shieh et al., 2001; Wang, Liu, Che, & Lin, 2002) . On the other hand, these components contained in the mushroom had been subjected to investigate the key role in liver protection. In a report by Soares et al. (2013) , polysaccharides and triterpenoids might possess protective activity against liver injury induced by toxic agents. Recent studies suggest CP generates ROS like superoxide anion, hydroxyl radical, and hydrogen peroxide (H 2 O 2 ) which cause lipid peroxidation of cellular membrane. During their oxidative metabolism, they depress the antioxidant defense mechanisms in liver (Lakhanpal & Rana, 2005; Mishra & Singh, 2010) .These achievements were attributed to the inhibitory activities of the G. lucidium extract on the membrane lipid peroxidation and the formation of free radical (Lakshmi et al., 2006; Shieh et al., 2001; Wang et al., 2002) .
G. lucidium in Vietnam is naturally harvested in the forest and the fruiting body is developed on the dead ironwood tree. We evaluated the hepatoprotective activity of G. lucidium against the hepatic damage induced by CP. Administration of G. lucidium for eight consecutive days after CP injection showed a significant inhibition in the liver injury compared to CP-treated mice without G. lucidium supplement. At the dose of 230 mg/kg b.wt, the hepatoprotective activity was determined by the depletion of MDA and restored the decrease of endogenous hepatic GSH antioxidant content in the liver. When the polyunsaturated lipids were degenerated by ROS, an ascent of cellular MDA occurs. The production of this aldehyde, typically quantified as thiobarbituric acid reactive substances (TBARS). It is normally considered as a biomarker to evaluate lipid peroxidation which could be indicated to the free radical scavenging activity as well as suppressing oxidative stress in an organism (Devasagayam, Boloor, & Ramasarma, 2003) . The results of this study could support the previous findings of Shi, Sun, He, Guo, and Zhang (2008) , Nonanka et al. (2005) and Truong and Nguyen (2010) that oral supplement of G. lucidium could prevent the CP-induced lipid peroxidation. The current study also revealed a significant reduction of GSH following CP administration which might result from the direct conjugation of CP metabolites with glutathione as part of mechanism of hepatoprotective action.
Conclusion
The results of present study suggest that administration of G. lucidium developing on the dead ironwood tree harvested in the Central Highlands of Vietnam might have potential in protecting liver against cyclophosphamide-induced hepatotoxicity. Further study is necessary to elucidate target compounds from G. lucidium in Vietnam responsible for liver protection 
